Composites of the schmutzdecke which is the dirty layer formed within 10 to 20 days of 28 operation of a slow sand filter bed had a proliferative effect on Map. Therefore when 29 entrapped, Map could form a biofilm and access human populations through potable water. 30 Therefore, schmutzdecke should be monitored and scraped periodically to curtail its support 31 for environmentally persistent pathogens that can pose health risks to humans. 
UAES respectively) compared with the human isolate. Furthermore, the results showed that 23 irrespective of the media used, Map might have developed biofilm by its genetic competence 24 to do so under favourable conditions that the immediate environment might have provided. 25 
26

Significance and impact of the study 27
Composites of the schmutzdecke which is the dirty layer formed within 10 to 20 days of 28 operation of a slow sand filter bed had a proliferative effect on Map. Therefore when 29 entrapped, Map could form a biofilm and access human populations through potable water. 30 Therefore, schmutzdecke should be monitored and scraped periodically to curtail its support 31 for environmentally persistent pathogens that can pose health risks to humans. 32
Running title: Biofilm formation by Map 33
INTRODUCTION 46
Mycobacteria possess a characteristic hydrophobic cell wall, a n d h a v e the genetic 47 the water environment, also within and between both human and animal populations, this 98 work was designed to firstly determine biofilm formation and growth of Map on PVC which 99 is minimally employed in potable water production. This was however, preceded by an 100 adhesion assay using aluminium and stainless steel which are also relevant materials in 101 water treatment operations and storage devices. Secondly, the effect of schmutzdecke 102 composites on biofilm formation by Map was also investigated. 103 104
MATERIALS AND METHODS 105
Preparation of aqueous extract of schmutzdecke and Map cultures 106
Aqueous extract of schmutzdecke [(AES; filtered (FAES) and unfiltered (UAES)], and 107
distilled water (DW) were prepared as follows: The UAES was prepared by mixing 20 g 108 schmutzdecke in 480 ml distilled water using Stomacher (Stomacher 400, Seward, England) 109 for 4 min and allowing particles to settle (10 min) followed by centrifugation of the 110 supernatant at 489 x g for 10 min to remove larger particles. The FAES was prepared by 111 filtering a portion of the UAES through a 150 ml, 50 mm, 0.45 m pore size filter unit (MF75™ 112 Series, Nalgene, Fisher Scientific U.K. Ltd, Bishop Meadow Road, Loughborough, 113
Leicestershire, LE11 0RG, UK). Both the filtered and unfiltered AES portions were irradiated 114 at a dose of 25 kGy and were stored at 4C until required. The already prepared DW (UKAS 115 protocol) was also autoclaved at 121C for 15 min and stored at 4C until required. Three 116 nm. This experiment was repeated in triplicate runs and the average OD595nm values were 154 calculated and plotted against time of incubation. The three runs for each isolate were 155 meaned and the mean value used for statistical comparison both between isolates and 156 over time. 
RESULTS 158
Adhesion by Map on aluminium and stainless steel coupons 159
DISCUSSION 244
Adhesion of Map to aluminium and stainless steel coupons 245
Although there is only minimum use of aluminium or stainless steel in water pipes and 246 water treatment works they were chosen as substrata for laboratory-based biofilm studies. 247
The ATCC 43015 strain of Map was also chosen for this work as the reference strain partly 248 due to the fact that it was obtained from a human source and has also been cultivated 249 in the laboratory over a period, hence considered as having a wider adaptation to different 250 environments. There is no doubt that mycobacteria form biofilm; examples are M. kansasii 251 
Biofilm formation by Map 271
Following research reports that mycobacteria could form biofilm, and success of the 272 adhesion test with the Map isolates, it seemed prudent to determine biofilm formation by 273
Map, and the extent to which this was a common trait amongst its isolates as these 274
were not reported in literature. Whilst 37˚C provided optimum growth temperature for Map, 275 the question as to whether the three isolates would behave or grow optimally when 276 environmental components of water treatment works were also present needed to be 277 answered. The environmental components chosen were DW as control, FAES and 278 UAES. The two Map isolates (L 85 and L 87) showed better growth in both the FAES 279 and UAES over the ATCC 43015 strain, perhaps to be expected since they are 280 environmental isolates and may have little or no nutrients in the environment compared 281 to the biofilm medium. This is consistent with the observation that with no added nutrients, 282 M. avium grew in water medium (George et al. 1980 ). However, the FAES and UAES 283 media suspensions are rich in both humic and fulvic acids which partly serve as 284 week 7 in all the three media. It can be seen that all t he three strains of Map showed 290 optimum growth after 5 weeks, however, the decline in growth following this duration of 291 time, may be attributed to exhaustion of nutrients and production of metabolites that were 292 inhibitory to growth. However, L 87 generally had more biofilm growth in DW between 293 weeks 1-6 and also in both FAES and UAES weeks 9-10 compared to the L 85 strain 294 which also grew a denser biofilm than the ATCC 43015 strain. It is worth commenting 295 that there was generally no difference in growth response between FAES and UAES. 296
Aside from the role of the 3 media in biofilm growth of the three Map strains, the make-297 up of the PVC plate employed for this work may also have contributed to the biofilm 298 
CONCLUSIONS 307
The formation of biofilm by Map is influenced by the properties of its environment. The water 308 environment serves as a possible hub of Map's persistence in a biofilm which is compounded 309 by variation of its nutrient composition, substratum and prevailing conditions. Irrespective of 310 the originality and source of isolation, and also traits and differences amongst strains, Map 311 adapts to biofilm formation and growth subject to prevailing conditions. Incorporation of 312 smooth and/or biofilm-unfriendly surfaces in water treatment operations and storage devices 313 can reduce or curtail the formation of biofilm by Map and its spread in the water environment. 314 315
